ABSTRACT
INTRODUCTION
Water is a natural resources that very important not only for human but also for animals and plants. Water have several uses not only use for drinking but for another daily routine such as using for bath, cooking and industrial purposes (Abu Hasan et al. 2011) . Nowadays, the sources for clean water remain decreasing because several resources have been polluted with the industrial effluent discharges. Failure to get a clean water for drinking will cause bad impact for long term. One of the mostly chemical compound with highly concentration presents in river water is ammonia (Ahammed & Davra 2010) discharged by industrial activities. The Ministry of Health, Malaysia has regulated the minimum limits of ammonia that only can be presents in the treated water is not exceed 1.5 mg/L (Abu Hasan et al. 2011 ).
Mesoporous silica (MSN) is an uprising adsorbent that can be used to adsorb ammonia and can be apply for water treatment. The MSN shows an excellent results and can be apply in various field such as drug delivery (Zhou et al. 2018) , water purification (Karim et al. 2012; Kango et al. 2015; Nasreen et al. 2018) , and carbon dioxide sequestration (Khdary et al. 2018) . Eventhough, it stills new in water treatment area but this new technology shows a positive feedback. It comes with nanoparticle size of 50 nm to 1000 nm. There are several advantages of MSN that can be looking for such as insoluble in water, trapped heat with high stability and high mechanical strength. The surface of MSN contains sylanol group that can be used to trap enzyme from hydroxyl, carbonyl and amino group .
The MSN also consists of surfactant that plays an essential role to form pore for adsorption process to takes place. A bigger and more pores reflect the successfully of the adsorption process. Surfactant will react differently and it depends during the synthesis process . The pore size can be increased by applying heat (Chen et al. 1993) . The objectives of this paper are to synthesis and characterize the MSN and to determine the potential of MSN for ammonia adsorption in aqueous solution.
MATERIALS AND METHODS
Cetyltrimethylammonium bromide (CTAB), ethylene glycol (EG), ammonium hydroxide (NH 4 OH), ethanol (EtOH), sodium silicate (Na 2 O.3.4 SiO 2 ), and sulphuric acid (H 2 SO 4 ) were purchased from BT Science Sdn. Bhd., Malaysia while 3-aminopropyl triethoxysilane (APTES) and tetraethyl orthosilicate (TEOS) were purchased from Merck Sdn. Bhd., Malaysia. All of the chemicals were used as received without further treatment.
SyNtheSiS oF MeSopoRouS SilicA
The method used for the MSN preparation was adopted from Kamarudin et al. (2016) . About 4.68 g of cetyltrimethylammonium bromide (CTAB), 120 mL of ethylene glycol (EG) and 29 mL of 25% ammonium hydroxide (NH 4 OH) were dissolved in 720 mL of distilled water and was heated at 50 o for about 30 min with a vigorous stirring. After 30 min, the mixer was heated to 80 o and then about 5.7 mL of tetraethyl orthosilicate (TEOS) and 1.052 mL of 3-aminopropyl triethoxysilane (APTES) were added to form a white suspension solution. This solution was then stirred for two hours. After that, the solution were placed inside the freezer for overnight until two phase of liquid-solid formed. The clear solution was removed and the white precipitation was centrifuged and washed using ethanol (EtOH). The synthesized MSN were dried at 110o and calcined at 550 o for 3 hours to remove the remaining surfactant.
chARActeRiZAtioN oF MSN
The crystalline structure of MSN was determined by X-ray diffraction (XRD) at a ratio of 2 = 1.5 -10. XRD shows the present of chemical compounds in the sample. Transmission electron microscopy (TEM) was carried to observe the structural of MSN. Field-emission scanning electron microscopy (FeSeM) was conducted to observe the surface morphology of the samples. Fourier transform infrared Spectroscopy (FtiR) was performed to identify the functional groups present in the samples. BET analysis was conducted to determine the physical characteristic of the MSN.
AMMONIA ADSORPTION EXPERIMENTAL
The different mass of MSN (0.5 g, 1.0 g, 1.5 g, 2.0 g, 3.0 g) was placed in the different 150 ml conical flask. the conical flask contains 0.5 ml of ammonia solution mixed with 99.5 mL of distilled water to represent 5 mg/L ammonia concentration. All the conical flask were closed by using aluminum foil to prevent evaporations happens. Then, all the conical flask were stirred at 150 rpm. the water was sampled at 5, 10, 15, 20 and 30 minutes. All of the samples were centrifuged and were repeated for 3 times. The ammonia concentration was analyzed using HACH Spectrophotometer DR3900 at a wavelength of 435 nm. In addition, the uptake of ammonia adsorption at equilibrium, q e (mg/g) was calculated as followed: 
where C o and C e (mg/L) are the initial and equilibrium concentration, respectively. V is the volume of the solution (mL) and W is the weight of the MSN (g).
ADSORPTION ISOTHERM AND KINETICS STUDIES
Adsorption isotherms characterized by certain constant values express the surface properties and affinity of the adsorbents. The adsorption isotherms of ammonia were investigated using two isotherm models: the langmuir and Freundlich. Meanwhile, in this study, adsorption kinetics was described using the first-order equation and the pseudo second-order equation (Jeppu and Clement, 2012) . The sorption kinetic provides valuable insights into the reaction pathways and the mechanism of a sorption reaction (Abu Hasan et al. 2012) .
RESULTS AND DISCUSSION
chARActeRiZAtioN oF MeSopoRouS SilicA Figure 1 shows the spectra of XRD at a ratio of 1.5 to 10. The peak that were appeared at 2.50, 4.30, and 4.95 at wavelength, W L of 1.54. The peak appeared at 4.95 proved the formation of the mesoporous characteristic on the synthesized silica. This peak was in good agreement with literature to prove the formation of MSN (heikkila et al. 2010; Kamarudin et al. 2016 ).
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The characterization using TEM and FeSeM were conducted to observe the pattern of pore surface structural, and topography of the MSN. The result from TEM analysis presents clearer images of particle as shown in Figure 2A . the TEM images shows uniformly the hexagon pattern and shape of the MSN. The MSN shape obtained in this study is similar as found by Kamarudin et al. (2016) . Meanwhile, Figure  2B shows the pattern structural of particles was in uniform pattern with the average sizes from 70 to 150 nm.
FtiR analysis is to identify the functional group that present in the MSN sample. Figure 3 shows (Singh et al. 2011) .
Moreover, C = C aromatic and C-N aromatic bonds were represented at wavenumber of 2127.1 cm -1 and 2000 cm -1 , respectively. It shows that ammonia was successfully adsorbed by the MSN through the empty pores inside. Figure 4 shows the performances of ammonia removal through adsorption by MSN. It clearly shows that with 1.5 g of MSN resulted highly percentage of ammonia removal compared to others. At less amounts of MSN (0.5 and 1.0 g), low removal of ammonia were due to the saturation of the MSN surface area, while at high amounts of MSN (2, 2.5 and 3.0 g), there were frequently collision between the MSN particles during the agitation of the test, thus allowing desorption of ammonia from the MSN. From the Figure 4 , it also shows that at 5 minutes, the reaction had taken place and its means that adsorption already start and resulted with a high removal percentage. At 10 to 30 minutes, the removal of ammonia decreases due to the MSN had reached the saturation state and at the meantime desorption of ammonia from the MSN occurred. Equilibrium isotherms is a prerequisite for prediction the adsorption uptake by the adsorbent which is the main parameter in designing an optimizing adsorption system. Two models were used in this study i.e., Langmuir and Freundlich isotherm models. Firstly, all the data were plotted using Langmuir isotherm as shown in Equation (2) below (Dada et al. 2012) : 
ADSORPTION STUDy peRFoRMANce oF MeSopoRouS SilicA ANd eFFect oF iNitiAl

CONCENTRATION
Where is q e is adsorption uptake at equilibrium conditions (mg/L), Q max adsorption uptake at maximum adsorption, b is a equilibrium constant of Langmuir, C e is ammonia at equilibrium time (mg/L). Another isotherm model was Freundlich model. this model mostly suitable using for adsorption with intermediate concentration because it not follows Henry Rules [12] . The data were plotted using Freundlich isotherm as shown in Equation (3) below: 
Where is q e is adsorption uptake at equilibrium conditions (mg/L), K F is a Freunclidh constant, C e is ammonia at equilibrium time (mg/L) and n adsorption constant. Table 1 shows the parameter constant of Langmuir dan Freundich isotherm models. From the table, the Q max obtained from the Langmuir model was 99.1 mg/g while b was 33.7 l/mg. in addition, from data plot using Freundlich model, it were found that the K F and n were 6.78 mg/g and 0.39, respectively. The sorption kinetic provides valuable insights into the reaction pathways and the mechanism of a sorption reaction. In order to study the performance towards the adsorption ammonia, the pseudo-first order and pseudo-second order kinetic models were plotted and compared. Both kinetics were shown in Equation (4) and (5). 
Where q e is adsorption uptake at equilibrium conditions (mg/ L), q t is adsorption uptake toward time, and k 1 is pseudo-first order constant. Values of q e and k 1 can be finds by made an intercept at y-axis. 
Where k 2 is pseudo-second order constant. The values of q e and k 2 can be finds by made an intercept at y-axis. From the plot, it was found that the data well fitted to the pseudo-second order kinetic ( Figure 5 ) compared to the pseudo-first order kinetic. the correlation coefficients and other parameters are calculated from all two kinetic models and were summarized in Table 2 . Kinetic model of pseudo-first order only shows low relationship with R 2 less than 0.60, but the pseudo-second model presents highly value of R 2 with more than 0.99. 
